Bioassay-guided fractionation of the MeOH extract from a Philippine didemnid ascidian resulted in the isolation of two new dimeric alkaloids, lissoclinotoxins E (1) and F (2).
Introduction
PTEN is a recently identified tumor suppressor gene located on the human chromosome 10q23.3. [1] [2] [3] Mutations and deletions in PTEN occur frequently in advanced cancers such as malignant melanoma, breast cancer, bladder carcinomas, small cell lung cancer and endometrioid ovarian cancer. [3] [4] [5] [6] [7] [8] [9] It is known that PTEN is a negative regulator of the antiapoptotic PI3-K/AKT/mTOR cellular signaling pathway and that loss of PTEN function can lead to cancerous growth. 10 Identifying compounds that inhibit PTEN-deficient (PTEN -/-) cell lines would be advantageous in the development of new anti-tumor agents.
As part of our continuing search for new anti-cancer compounds from the marine environment, we tested our extract library in a PTEN-deficient human breast carcinoma cell line (MDA-MB-465) assay. The crude MeOH extract from a Philippine didemnid ascidian demonstrated significant inhibition towards this particular breast carcinoma cell line. Bioassay-guided fractionation of this extract yielded two new dimeric polysulfide alkaloids, that we have named lissoclinotoxins E (1) and F (2).
Results and Discussion.
The MeOH extract of the didemnid ascidian was evaporated to dryness then subjected to a solvent partitioning scheme resulting in hexanes, CHCl 3 and 30% aqueous MeOHsoluble fractions. The bioactive CHCl 3 -soluble material was initially chromatographed over a column of Sephadex LH-20 (MeOH/CHCl 3 ). Further purification of the active fractions by C 18 HPLC using 0.1% aqueous TFA and increasing amounts of MeOH afforded the bis-TFA salt of lissoclinotoxin E (1, 5.5 mg). An earlier eluting fraction from the C 18 HPLC work was further fractionated by phenyl-hexyl HPLC using a 0.1% aqueous TFA/MeOH gradient to yield the bis-TFA salt of lissoclinotoxin F (2, 3.6 mg). respectively. An ortho orientation on the benzene ring between the S-methyl (2.44) and O-methyl (3.94) group was determined based on a strong ROE between these two methyl singlets. The remaining methoxyl group (3.92) was positioned at C-3 due to the obvious structural and biosynthetic relationship of compound 1 to the previously reported metabolites from the Lissoclinum genus. [11] [12] [13] [14] By default the only remaining carbon signal at 133.8 ppm was assigned to C-2. Hence, two identical DOPA-derived substructures were defined for 1. Assemblage of these two partial units via two thioether linkages established the gross structure for lissoclinotoxin E (1).
The minor metabolite, lissoclinotoxin F (2) was isolated as a light brown film. An The structural relationship between compounds 1 and 2 was confirmed by desulfurization of a mixture of these metabolites using Raney Ni in MeOH at 90 C. 15, 16 Purification of the reaction product by C 18 flash chromatography [MeOH/aqueous TFA (0.1%)] yielded the pure TFA salt of 2-(3,4-dimethoxyphenyl)-N,N-dimethylethanamine (3), which has been previously reported in the literature both as a synthetic compound 17, 18 and as a natural product. [19] [20] [21] Although the gross structures for compounds 1 and 2 had been conclusively proven by spectroscopic and chemical degradation methods, the determination of stereochemistry about both tricyclic systems had not been established. were assigned to the trans and cis isomer respectively, although these geometric orientations were not proven by any chemical or spectroscopic techniques. Lissoclinotoxin D (4) was assigned trans stereochemistry on the basis that this isomer would be thermodynamically more favourable, 14 while the geometric assignment of lissoclin disulfoxide (5) was not discussed. 13 In order to determine which geometric isomer of lissoclinotoxins E and F was most likely to exist based on energy considerations, we performed computational chemistry studies using MacroModel  software. 22 Montecarlo conformational searching in vacuo using a MM2 force field was employed on all non-charged isomers of 1, 2, 4 and 5. Global energy minima calculations showed that the trans isomers were thermodynamically preferred for both 1 and 5, while the cis isomers were more energetically stable for 2 and 4. Global energy minima values for the trans isomers of 1 and 5 were shown to be 0.4 and 1.0 kcal/mol lower than their corresponding cis isomer, respectively. The cis isomer of 2 (as drawn in Figure 1 ) had a global energy minimum value that was 3.0and 1.5 kcal/mol lower than the other possible cis and trans isomers, respectively. The difference in cis and trans energy minima values for 4 was determined to be only 0.2 kcal/mol.
On the basis of these modeling data we assigned lissoclinotoxins E and F to the trans and cis isomers respectively, however due to the small discrepancies in the calculated global energy minima values the other isomer(s) cannot be excluded.
It should also be noted that the stereochemical assignments obtained from the modeling studies are tenuous, since biosynthetic enzymes introduce the potential for the production of natural product isomers that would not be expected based on thermodynamic considerations. Unfortunately, attempts to obtain crystalline material suitable for x-ray analysis to resolve this issue have been unsuccessful. In fact there are no reports in the literature of crystalline members from the lissoclinotoxin family of natural products or their derivatives. values of 2.1 and 4.2 g/mL respectively. These data showed that lissoclinotoxin E (1) had no selectivity between the two carcinoma cell lines, while lissoclinotoxin F (2) showed approximately three fold greater potency against the PTEN deficient cell line.
Further biological evaluations on compound 2 are required in order to determine whether this dimeric alkaloid is a specific inhibitor of the PI3-K/AKT/mTOR cellular signaling pathway.
Conclusion
Although more than ten monomeric cyclic polysulfides have been published to date, 11, 12, 14, 24, 25 lissoclinotoxins E and F represent only the third and fourth dimeric polysulfides to be isolated and characterized from a marine source. Montecarlo conformational searching using a MM2 force field suggested that the trans and cis isomer are energetically preferred for lissoclinotoxins E and F, respectively. Compounds 
Extraction and isolation
The MeOH extract from the didemnid ascidian was concentrated under vacuum to yield a dark brown gum (320 mg). This material was dissolved in 90% MeOH/10% H 2 O (50 mL) and partitioned with 100% hexanes (3  50 mL). The aqueous phase had H 2 O (14. MTT assay results were read using a Labsystem multiscan plate reader at 570 nm. All compounds were tested in sextuplicate and were solubilized in 100% DMSO with a final DMSO concentration of 1% in each well. LY-294002 was used as the positive control for both cell lines. IC 50 values were calculated using Prism version 3.02 software. 
